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Abstract
With the aim of strengthening the construction of smart power grid, large investment will be put into power grid of 
China. Investment evaluation of power grid is necessary in this situation particularly in the light of escalating costs 
and financing cost. This paper presents the development of Investment Evaluation System with the help of Unified 
Information Platform to enhance the awareness the technical, economic and social benefits of power grid investment.
The overall work flow of Investment Evaluation System and its important aspects, including indicator system,
normalization, weighting factor and comprehensive evaluation are presented. The basic architecture of Unified 
Information Platform and the realization of data exchange are illustrated. Finally system realization and hardware 
deployment are provided.
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1. Introduction
China’s power industry is in a new stage of cross-regional interconnections striding toward a
nationwide interconnected grid for optimizing resources disposition on a large scope. For instance the 
development and application of Ultra High Voltage (UHV) transmission have advanced significantly 
during the past few years [1]. With the aim of strengthening the construction of smart power grid, large
investment has and will be put into the field of installation of power grid infrastructure. Investment 
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evaluation of power grid is necessary in this situation particularly in the light of escalating costs and 
financing cost.
Investment evaluation can be considered as a process to evaluate investment efficiency and diagnose
improper decisions which have been made and to suggest appropriate suggestions and remedies, as well 
as contributing to the planning [2] [3]or plan activities of power grid [4] [5], where the gathered results 
can be a useful tool for decision-making, leading trends and practices in organizational design and 
construction.
Investment Evaluation System for a specific power grid has been developed to enhance the awareness 
the technical, economic and social benefits of large scale and long-term power grid investment, at the 
same time help the decision-maker to determine orientation as well as amount of investment to ensure the 
economical and safety operation of this power grid in future. 
The input data is critical for Investment Evaluation System, and is often complex, which involves
production, scheduling, dispatch, marketing, planning, finance as well as many other aspects. It will be 
very hard to put such a reach set of information into Investment Evaluation System in a decentralized 
way. Unified Information Platform is necessary. With the help of rapid developing as well as 
sophisticated communication and information techniques, Unified Information Platform can be realized, 
such as a systemic-designed information project, which is named “SG186” [6] and proposed by State 
Grid Corporation of China, can realize automatic gathering of different kinds of information and create 
good foundation for the practical application of Investment Evaluation System.
Investment Evaluation System based on Unified Information Platform can become a beneficial part for 
future smart grid [7][8]. It constructs a useful information feedback loop for planning, investment and
decision making. It overlays the ordinary electrical grid with an information and decision feedback
mechanism, and can automatically provide different kinds of real-time (or periodical) economical and 
management information with pure data or through a visualization way.
This paper presents the development of Investment Evaluation System with the help of Unified 
Information Platform that can realize the integration of information and data, and it will be beneficial to 
future smart grid of China. The rest of this paper is organized as follows: Section II presents the 
development of Investment Evaluation System. Section III illustrates Unified Information Platform. 
System realization and deployment is provided in Section IV. And finally the conclusion is drawn in 
Section V.
2. Investment Evaluation System
2.1. The Overall Work Flow
A simplified version of overall work flow of Investment Evaluation System can be illustrated by a 
closed-loop feedback system, as shown in Fig. 1.
The construction of indicator system is the first thing to be considered. The indicator is a quantitative 
or qualitative factor or variable that provides a simple and reliable means to measure achievement, to 
reflect the changes connected to an intervention, or to help assess the performance of a development actor
[9].
The dimension and characteristic of each indicator are often not the same, which will bring difficulties 
to conduct calculation and comparison of indicator values, and even may make a negative impact on the 
final evaluation result, so it needs to make these indicator values normalized before the evaluation carried 
out.
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Fig. 1. The overall work flow for Investment Evaluation System              Fig. 2. Indicator system (main and sub categories)
The process of weighting involves emphasizing the contribution of some aspects of a final effect or 
result. That is, rather than each variable in the data contributing equally to the final result, some data
contribute more than others or have little effects on final analysis result.
The comprehensive evaluation of investment efficiency can be performed after the normalization of
indicator and the calculation of weighting factor, by which a relative objective quantified understanding 
of power grid investment can be deduced.
2.2. Indicator System
The main part of the indicator system [10] is shown in Fig. 2. The dendritical structure has divided into 
five categories to value developing level, safety level, efficiency level, effectiveness level of power grid 
and investment ability of power grid company.
Developing level has two subcategories, one evaluates whether the development of power source is 
coordinate with the development of power grid. A suitable indicator for this sub-category is the ratio 
between transformer capacity and generator capacity for specific voltage level (not shown in the figure). 
The other sub-category is evaluates whether the development of power grid is coordinate with the 
development of load. A suitable indicator for this subcategory is the ratio between transformer capacity 
and maximum load for specific voltage level.
Safety level has four subcategories. A proper indicator for configuration is radius of electricity supply
of different voltage levels. Conventional N-1 or N-2 criteria can be used as indicator for evaluating safety 
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[11]. Forced outage rate (FOR) is a good indicator for reliability [12]. Time for operation can be used to 
indicate equipment level.
Efficiency level has two subcategories. An acceptable indicator for utilization efficiency of 
transmission line is the ratio between maximum/average load and transformer capacity. An indicator for
utilization efficiency of transmission line can be the ratio between equivalent average active power and 
natural transmission power.
Beneficial level has two subcategories. The profit margin is a good indicator for economical benefit 
evaluation and the carbon emission reduction can be used to evaluate social benefit.  Investment ability 
has four subcategories. 
For each subcategory, some other indicators have also been considered, and at the same time some 
composite indicators, which can be calculated by basic indicators, have been considered though the 
detailed is not presented in this paper.
2.3. Indicator Normalization
Ordinarily the indicator to be normalized can be classified as positive indicator to which larger value is 
favorable and negative indicator to which smaller values is better, and middle indicator whose values 
locating in a specific range is good. By virtue of the concept of membership function in fuzzy theory, the 
normalized value of such kinds of indicators can be deduced. For instance, the positive indicator can be 
normalized [13][5] as:
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2.4. Determination of Weighting Factor
Many methods can be used to determine weighting factor. Two typical methods are presented in this 
paper. One is coefficient of variation method, the other is Delphi method.
2.4.1. Coefficient of variation method
Coefficient of variation method is a kind of subjective method. In probability theory and statistics, the 
coefficient of variation is a normalized measure of dispersion of a probability distribution. The coefficient 
of variation is defined as the ratio of the standard deviation to the mean [14].
If indicator j has K evaluation values ajk (k=1…K), the average value is:
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The mean square deviation of indicator j is:
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The coefficient of variation for indicator j can be calculated as:
jj aD /=δ                             (4)
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and the weighting factor wj for indicator j can be deduced as:
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2.4.2. Delphi Method
Delphi Method [15] is a kind of objective method, it can be considered as a structured communication 
technique, originally developed as a systematic interactive forecasting method which relies on a panel of 
experts. In the standard version, the experts answer questionnaires in two or more rounds. After each 
round, an organizer provides an anonymous summary of the experts’ weighting from the previous round 
and the reasons why he or she made such kind of judgments. Thus, experts can revise their earlier 
answers based on the replies of other members. During this process the range of the answers can be
confined and decreased, and the group will converge towards the reasonable values. Finally, the process 
is stopped after a pre-planned stop criterion has been met and the final rounds will be performed to 
determine the weighting factors that can be used.
2.5. Comprehensive Evaluation
After the normalization of indictor value and the calculation of weighting factor, the comprehensive 
evaluation [16] can be performed and the final analysis result is calculated as:
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3. Unified Information Platform
3.1. The Basic Architecture
The basic architecture of Unified Information Platform is shown in Fig. 3. The main part has three 
layers, data layer, application layer and presentation layer. The main source of the data is cleaned, 
transformed, catalogued and made available for online analytical processing.
In data layer, the data source includes data/information came from production department, scheduling
department, dispatch center, marketing department, planning center, finance, power transaction as well as 
many other departments.
Operational data store (or ODS) is used to integrate data from multiple sources for additional 
operations on the data. The data are passed back to operational systems for further operations and to the 
data warehouse for reporting. 
Data warehouse (DW) is a database and the data is uploaded from the operational systems for 
reporting. The means to retrieve and analyze data, to extract, transform and load data, and to manage the 
data dictionary are essential components of a data warehousing system.
The qualified data are transfer into Investment Evaluation System and the evaluation can be carried 
out.
The safety infrastructure including network security, data security, application security as well as
operating system security, to ensure the security of the whole system.
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3.2. Data Exchange
The realization procedure of data exchange is shown in Fig. 4. Through ETL, data exchange platform 
and WEB interface, the data can be obtained, which will be extracted into data base and data warehouse, 
and then online analytical processing (or OLAP) can be performed, which can swiftly answer multi-
dimensional analytical queries. At the same time FLEX presentation server can be used to give 
presentations to different kind of users.
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Fig. 3. The basic architecture of unified information platform         Fig. 4. The realization of data exchange
4. System Realization and Deployment
4.1. System Realization
Investment evaluation system based on Unified Information Platform is realized with standard B/S 
pattern and J2EE architecture. Struts and Enterprise JavaBeans EJB component technology are adopted to 
easily realize information presentation. Struts is a ready made framework
Which implements Model View Controller (MVC) architecture and provides its own controller 
component and integrates with other technologies to provide the Model and the View? For the Model, 
Struts can interact with standard data access technologies, like EJB. For the View, Struts works well with 
JavaServer Pages, including JSTL and JSF and other presentation systems. EJB technology is the server-
side component architecture for J2EE. It enables rapid and simplified development of distributed, 
transactional, secure and portable applications based on Java technology. The final user interface 
presentation created by above techniques is shown in Fig. 5.
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Fig. 5. User Interface presentation                                                             Fig. 6. Hardware deployment
4.2. Hardware Deployment
Hardware deployment is shown in Fig. 6, where storage area network (SAN) provides access to 
consolidated, block level storage. And used to make storage devices (disk arrays) accessible to servers so 
that the devices appear as locally attached to the operating system. Local area network (LAN) connects 
computers and devices with higher data-transfer rates and sharing application resources. LAN connects to 
WAN through information center.
5. Conclusion
In the situation of large investment putting into power grid of China, Investment Evaluation System
become an urgent demand to get to know the technical, economic as well as social benefits of large 
investment. The important aspects of Investment Evaluation System are presented, including the 
dendritical structure of indicator system, normalization method for specific indicator, weighting factor 
calculation and comprehensive evaluation calculation. By virtue of modern information and computer 
techniques, the basic architecture of unified information platform and the realization of data exchange are 
proposed. System realization and hardware deployment are also presented and the evaluation results can 
be demonstrated vividly. Investment Evaluation System based on Unified Information Platform will be 
used on large power grid in near future and it expects that the system will be beneficial to the 
development of future smart grid of China.
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